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(57)  Recoil artillery systems (100) and isolation sys-
tems (118) are provided. An isolation system (118) is
provided for mounting an inertial navigation system (116)
onto an artillery system (100) having a barrel (102) adapt-
ed to move along a longitudinal axis (104) during a fifing
sequence. The system includes an inner cradle (304),
an outer cradle (306), first and second elastomeric iso-
lators (308,318), and a first single axis damper (320,322).
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Mounting system for an inertial navigation system on a recoil artillery system

The first elastomeric isolator is mounted between the in-
ner and outer cradles. The second elastomeric isolator
is mounted between the inner and outer cradles. The first
single axis damper (320,322) is aligned substantially par-
allel with the longitudinal axis (104) and includes a first
end (502) and a second end (504), the first end is mount-
ed to the outer craddle (304), and the second end is
mounted to the inner craddle (306).
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Description
TECHNICAL FIELD

[0001] The inventive subject matter generally relates
to recoil artillery systems, and more particularly relates
to isolation and inertial navigation systems that may be
included in recaoil artillery systems.

BACKGROUND

[0002] Inertial measurement units ("IMU") are used to
track changes in velocity and acceleration of moving ob-
jects without the use of a pre-calibrated external refer-
ence. Typically, an IMU includes electronics devices,
such as gyroscopes and accelerometers. The electronics
devices sense real-time rotational and acceleration data
that are compared to reference data stored in the IMU.
The compared data is then used to calculate a current
position of the moving object.

[0003] Because IMUs operate virtually independently
from other devices after receiving the reference data,
they have been considered for implementation onto
towed artillery systems. Specifically, IMUs have been in-
vestigated as devices for improving targeting accuracy
of guided projectiles fired from the artillery systems. How-
ever, several obstacles have been encountered. For ex-
ample, one or more IMUs are typically included as part
of an inertial sensor assembly ("ISA") that is mounted in
a chassis along with additional electronics. The ISA, and
hence, the IMU, comprise part of an inertial navigation
system (INS), which may be coupled directly to a platform
on the towed artillery system. When one or more rounds
of projectiles are fired from a barrel of the system, the
INS, and hence, the IMU, experience a very high shock
(e.g., greater than 40G). The very high shock may cause
the electronics devices within the INS to decouple from
the chassis and to have a significantly decreased useful
life.

[0004] To improve the useful life of the electronics de-
vices, elastomeric isolators have been included between
the chassis and the platform. Although displacement of
the ISA relative to the platform is decreased by the elas-
tomeric dampers, the ISA may still experience an unde-
sirable magnitude of acceleration in response to the very
high shock. In particular, the ISA and the platform may
resonate in phase to thereby amplify an acceleration in-
put into the system. Additionally, in instances in which
the barrel may undergo rapid firing sequences, position-
ing of the INS, and hence, the IMU, relative to the system
platform may change between shots, and the elastomeric
isolators may not be capable of minimizing the positional
changes (i.e., improved repeatability). As a result, the
positional changes may affect the operability and pointing
accuracy of the INS.

[0005] Accordingly, it is desirable to have a damping
system that improves a useful life of an IMU that can be
used in conjunction with a towed artillery system gun. In
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addition, it is desirable to have a damping system that
provides repeatability of the INS and hence, the IMU,
relative to the gun. Furthermore, other desirable features
and characteristics of the inventive subject matter will
become apparent from the subsequent detailed descrip-
tion of the inventive subject matter and the appended
claims, taken in conjunction with the accompanying
drawings and this background of the inventive subject
matter.

BRIEF SUMMARY

[0006] Isolation systems and recoil artillery systems
are provided.
[0007] Inanembodiment, by way of example, only, an

isolation system is provided for mounting an inertial nav-
igation system onto an artillery system having a barrel,
the barrel adapted to move along a longitudinal axis dur-
ing a firing sequence. The system includes an inner cra-
dle, an outer cradle, first and second elastomeric isola-
tors, and a first single axis damper. The inner cradle has
a base plate, a first inner sidewall, and a second inner
sidewall. The base plate is adapted to receive the inertial
navigation system thereon, the first inner sidewall and
the second inner sidewall are positioned opposite from
each other, and the base plate extends therebetween.
The outer cradle surrounds the inner cradle and includes
a platform, a first outer sidewall, and a second outer side-
wall. The first outer sidewall and the second outer side-
wall are positioned opposite from each other, and the
platform extends therebetween. The first elastomericiso-
lator is mounted between the first inner sidewall and the
first outer sidewall. The second elastomeric isolator is
mounted between the first inner sidewall and the first
outer sidewall. The first single axis damper is aligned
substantially parallel with the longitudinal axis and in-
cludes afirstend and a second end, the first end is mount-
edtothefirstinner sidewall, and the second end is mount-
ed to the first outer sidewall.

[0008] In another embodiment, by way of example on-
ly, a recoil artillery system having a barrel adapted to
move along a longitudinal axis during a firing sequence.
The recoil artillery system includes an inertial navigation
system, an inner cradle, an outer cradle, elastomeric iso-
lators, and single axis dampers. The inner cradle has a
base plate, afirstinner sidewall, and a second inner side-
wall. The base plate includes the inertial navigation sys-
tem thereon, and the first inner sidewall and the second
inner sidewall are positioned opposite from each other
and include the base plate therebetween. The outer cra-
dle surrounds the inner cradle and includes a platform,
a first outer sidewall, and a second outer sidewall. The
first outer sidewall and the second outer sidewall are po-
sitioned opposite from each other and include the plat-
form therebetween. First and second elastomeric isola-
tors are mounted between the first inner sidewall and the
first outer sidewall, and a third and a fourth elastomeric
isolators are mounted between the second inner sidewall
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and the second outer sidewall. A first single axis damper
is aligned substantially parallel with the longitudinal axis
and including a first end and a second end, where the
first end is mounted to the first inner sidewall and the
second end is mounted to the first outer sidewall. The
second single axis damper includes a first end and a
second end, the first end is mounted to the second inner
sidewall, and the second end is mounted to the second
outer sidewall.

[0009] In still another embodiment, by way of example
only, another recoil artillery system is provided. The recoll
artillery system includes a barrel adapted to travel along
a longitudinal axis during a firing sequence, an inertial
navigation system adapted to aim the barrel at a desired
location, and an isolation damping system coupling the
barrel and the inertial navigation system. The isolation
damping system includes an inner cradle having a base
plate, a first inner sidewall, and a second inner sidewall,
the base plate including the inertial navigation system
thereon, thefirstinner sidewall and the second inner side-
wall positioned opposite from each other and including
the base plate therebetween, an outer cradle surrounding
the inner cradle and including a platform, a first outer
sidewall, and a second outer sidewall, the first outer side-
wall and the second outer sidewall positioned opposite
from each other and including the platform therebetween,
a first elastomeric isolator mounted between the first in-
ner sidewall and the first outer sidewall, a second elas-
tomeric isolator mounted between the first inner sidewall
and the first outer sidewall, and a first single axis damper
aligned substantially parallel with the longitudinal axis
and including a first end and a second end, the first end
mounted to the first inner sidewall, and the second end
mounted to the first outer sidewall.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The inventive subject matter will hereinafter be
described in conjunction with the following drawing fig-
ures, wherein like numerals denote like elements, and
[0011] FIG. 1 is a perspective view of a portion of a
recoil artillery system, according to an embodiment;
[0012] FIG.2isaperspective view of aninterior portion
of an inertial navigation system ("INS"), according to an
embodiment;

[0013] FIG. 3 is an isometric view of a secondary iso-
lation system including an INS disposed therein, accord-
ing to an embodiment;

[0014] FIG. 4 is an isometric view of the secondary
isolation system of FIG. 3 without the INS disposed there-
in, according to an embodiment; and

[0015] FIG.5is anisometric view of a shock absorber,
according to an embodiment.

DETAILED DESCRIPTION

[0016] The following detailed description is merely ex-
emplary in nature and is not intended to limit the inventive
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subject matter or the application and uses of the inventive
subject matter. Furthermore, there is no intention to be
bound by any theory presented in the preceding back-
ground or the following detailed description.

[0017] FIG. 1 is a perspective view of a portion of a
recoil artillery system 100, according to an embodiment.
The recoil artillery system 100 may be a towed artillery
system that may be moved to a desired location and used
to fire one or more projectiles at a desired target. In an
embodiment, the recoil artillery system 100 may include
a gun tube or barrel 102 adapted to travel along a longi-
tudinal axis 104 during a firing sequence. The barrel 102
may be mounted to a movable base 108, which may be
towed from location to location. In an embodiment, the
movable base 108 may include a chassis 110 and an
assembly for repositioning the chassis 110 relative to the
desired target. For example, the assembly may include
two or more wheels (not shown) rotatably attached to the
chassis 110. In another example, the assembly may in-
clude a different feature suitable for repositioning the
chassis 110, such a hover feature, or sliding mechanism.
Moreover, although not shown, various damping ele-
ments, such as isolators, and bearing assemblies may
be coupled between the chassis 110 and the barrel 102
toallow the barrel 102 to recoil during the firing sequence.
[0018] To precisely aim the barrel 102 at the desired
target, the recoil artillery system 100 may also include
aninertial navigation system (INS) 116 thatis surrounded
by an external isolation system 118. During and after the
firing sequence, the INS 116 may have a tendency to
move along the longitudinal axis 104. To minimize any
acceleration and/or displacement that may be experi-
enced by the INS 116 during the firing sequence, the
external isolation system 118 is included. In an embod-
iment, the external isolation system 118 couples the INS
116 to the barrel 102 via a collar 120.

[0019] FIG.2isa perspective view of an interior portion
of an INS 200, according to an embodiment. The INS
200 includes a containment housing 202 and an inertial
sensor assembly (ISA) 204 disposed in the containment
housing 202. In accordance with an embodiment, the
containment housing 202 includes sidewalls 206, 208,
210, 212 and end walls 214, 216 that together form a
chamber 218. The containment housing 202 may have
relatively small dimensions, such a width in a range of
between about 20 cm to about 25 cm, a length in a range
of between about 23 cm to about 27 cm, and a height in
a range of between about 10 cm to about 15 cm. How-
ever, in other embodiments, the particular dimensions
may be larger or smaller. Although the containment hous-
ing 202 is shown in FIG. 2 as being box-shaped, it may
have any other shape suitable for disposal of ISA 204.
For example, the containment housing 202 may be
spherical, hemispherical, cube-shaped, or any other
shape.

[0020] In any case, the ISA 204 may be positioned
within the chamber 218 and may be made up of one or
more inertial measurement units (not shown). In an em-
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bodiment, an inertial measurement unit for each axis of
inertial motion may be included. Thus, for example, in an
embodiment in which three axes each disposed orthog-
onally relative to each other are included, three inertial
measurement units capable of measuring inertial motion
along each axes may be included. The inertial sensor
assembly 204 may be suspended between the sidewalls
206, 208, 210, 212 via one or more isolators 220, 222,
224,228, 230, 232, 234. The one or more isolators 220,
222,224, 228, 230, 232, 234 act as a primary isolation
system to limit the vibration that may be transmitted
through the containment housing 202 to the ISA 204. In
an embodiment, one or more of the isolators 220, 222,
224, 228, 230, 232, 234 may be elastomeric isolators
that include a cup-shaped elastomeric member having
pads for mounting to mount surfaces (e.g., sidewalls 206,
208). Thus, the properties of the elastomeric isolators
may be selected based on a natural frequency of the
elastomeric member. For example, particular elastomer-
ic materials, hardness of the elastomeric materials,
and/or dimensions of the elastomeric isolator may be se-
lected based on the desired natural frequencies. In one
embodiment, the elastomeric material includes, but is not
limited to natural rubber or silicone rubber. In another
embodiment, the cup-shaped elastomeric material has
an axial length in a range of between about 0.5 cm and
about 1.0 cm and a widest diameterin a range of between
about 2.0 cm to about 4.0 cm. In other embodiments, the
dimensions are greater than or smaller than the afore-
mentioned range. In still other embodiments, one or more
of the isolators 220, 22, 224, 228, 230, 232, 234 may be
other types of damping mechanisms, such as a viscous
damper or wire rope isolator

[0021] Theisolators 220, 222, 224, 228, 230, 232, 234
may be positioned at particular locations within the cham-
ber 218 to optimize isolation of vibration that may be ex-
perienced by the electronics 202. In one embodiment,
as shown in FIG. 2, a first set of isolators (e.g., isolators
220, 222, 224, 228) extends between the ISA 204 and a
first sidewall 206, while a second set of isolators (e.g.,
isolators 230, 232, 234) extends between the ISA 204
and a second sidewall 208. Although four isolators 220,
222, 224, 228 are included in the first set and three iso-
lators 230, 232, 234 are included in the second set, fewer
or more additional isolators may alternatively be included
in one or both sets. Moreover, although two sets of iso-
lators are shown disposed on sidewalls 206, 208, one or
more isolators may alternatively or additionally extend
between the ISA 204 and the other sidewalls 210, 212
or between the ISA 204 and the end walls 214, 216.
[0022] To further reduce the acceleration experienced
by the INS 200 during a firing sequence, the external
isolation system 118 comprises a secondary isolation
system. FIG. 3 is an isometric view of a secondary iso-
lation system 300 including an INS 302 disposed therein,
according to an embodiment, and FIG. 4 is an isometric
view of the secondary isolation system 300 without the
IMU disposed therein, according to an embodiment. The
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secondary isolation system 300 includes an inner cradle
304, an outer cradle 306, a plurality of elastomeric iso-
lators 308, 310, 312,314,316, 318, and single axis damp-
ers 320, 322, in an embodiment. According to an embod-
iment, the inner cradle 304 has a base plate 324, a first
inner sidewall 326, and a second inner sidewall 328. The
base plate 324 and the inner sidewalls 326, 328 may
comprise a metallic material, such as aluminum, steel,
or alloys thereof, a ceramic material, or any other material
that is suitable for mounting the INS 302 thereto without
interfering with the operability of the electronics (not
shown).

[0023] The base plate 324 is adapted to receive the
INS 302 thereon. In an embodiment, the base plate 324
has an area that is larger than a footprint of the INS 302.
For example, the INS 302 may have a length in a range
of between about 23 cm to about 27 cm and a width in a
range of between about 20 cm to about 25 cm, while the
base plate 324 may have a length in a range of between
about 28 cm to about 30 cm and a width in a range of
between about 28 cm to about 30 cm. In other examples,
the dimensions of the INS 302 and the base plate 324
may be smaller orlarger than the aforementioned ranges.
In another example, the INS 302 may have dimensions
that are smaller than the dimensions of the base plate
324. No matter the particular dimensions, the INS 302
may be attached to the base plate 324 via any fastener
suitable for rigidly mounting the INS 302 to the base plate
324. For example, the INS 302 may include flanges 330
for bolts 332 or other fasteners to secure the INS 302 to
the base plate 324.

[0024] The first and second inner sidewalls 326, 328
are positioned opposite from each other such that the
base plate 324 extends therebetween, in an embodi-
ment. In an example, the inner sidewalls 326, 328 are
disposed substantially perpendicular to the base plate
324. Fasteners such as screws (not shown) can be used
to secure the inner sidewalls 326, 328 to the base plate
324, in an embodiment. In other embodiments, the first
and second inner sidewalls 326, 328 additionally or al-
ternatively may be welded to the base plate 324, or the
first and second inner sidewalls 326, 328 and base plate
324 may be integrally formed from a single piece of ma-
terial. According to an embodiment, the first and second
inner sidewalls 326, 328 are substantially equal in height.
In another embodiment, the height of each of the first and
second inner sidewalls 326, 328 are greater than that of
the INS 302. For instance, the height of the first and sec-
ond inner sidewalls 326, 328 may be in a range of be-
tween about 12 cm and about 17 cm, while the height of
the INS 302 may be in a range of between about 10 cm
and about 15 cm. It will be appreciated that in other em-
bodiments, the heights of the inner sidewall 326, 328 and
INS 302 may be greater or less than the aforementioned
range. In yet other embodiments, the height of each of
the firstand second inner sidewalls 326, 328 may be less
than the height of the INS 302.

[0025] The outercradle 306 atleast partially surrounds
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the inner cradle 304 and is adapted to cooperate with the
elastomeric isolators 308, 310, 312, 314, 316, 318, and
single axis dampers 320, 322 to externally damp vibration
and acceleration that may be transmitted from the barrel
102 (FIG. 1) to the INS 302. In this regard, the outer
cradle 306 includes a platform 340, a first outer sidewall
342, and a second outer sidewall 344, each of which may
comprise a metallic material, such as aluminum, steel or
alloys thereof, a ceramic material, or another material
that is suitable for mounting the inner cradle 304 to the
collar 120 (FIG. 1).

[0026] The platform 340 is dimensioned to accommo-
date the inner cradle 304 and the plurality of elastomeric
isolators 308, 310, 312, 314, 316, 318, and single axis
dampers 320, 322. In an example, the platform 340 may
have a length in range of between about 20 cm to about
30 cm and a width in range of between about 40 cm to
about 50 cm. In other embodiments, the length and width
of the platform 340 may be greater or less than the afore-
mentioned ranges.

[0027] The first and second outer sidewalls 342, 344
are disposed opposite from each other such that the plat-
form 340 extends therebetween. In an embodiment, the
outer sidewall 342, 344 may be disposed substantially
perpendicular to the platform 340. In accordance with
another embodiment, fasteners such as screws or bolts
are used to secure the outer sidewalls 342, 344 to the
platform 340. Additionally or alternatively, the first and
second outer sidewalls 342, 344 may be welded to the
platform 340, or the first and second outer sidewalls 342,
344 and platform 340 may be integrally formed from a
single piece of material. In an embodiment, the first and
second outer sidewalls 342, 344 are substantially equal
in height and may be greater in height than the first and
second inner sidewalls 326, 328. For instance, if the
heights of the first and second inner sidewalls 326, 328
are in a range of between about 12 cm and about 17 cm,
the heights of the first and second outer sidewalls 342,
344 may be in arange of between about 18 cm and about
22 cm. It will be appreciated that in other embodiments,
the heights of the inner and outer sidewall 326, 328, 342,
344 may be greater or less than the aforementioned
range. In yet other embodiments, the height of each of
the first and second outer sidewalls 342, 344 may be less
than the height of each of the first and second inner side-
walls 326, 328.

[0028] The elastomeric isolators 308, 310, 312, 314,
316, 318 are adapted to resonate with a particular fre-
quency that limits vibration received through the outer
cradle 306. In this regard, the elastomeric isolators 308,
310, 312, 314, 316, 318 are coupled between the inner
cradle 304 and the outer cradle 306. In an embodiment,
a first set of elastomeric isolators are mounted between
the first inner sidewall 326 and the first outer sidewall
342, and a second set of elastomeric isolators are mount-
ed between the second inner sidewall 328 and the sec-
ond outer sidewall 344. In an example, the first and/or
second sets of elastomeric isolators are arranged in a
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rectangular configuration and each set may include four
elastomeric isolators. Only three elastomeric isolators
are shown in FIG. 3 for each set (e.g., elastomeric iso-
lators 308, 310, 312 and elastomeric isolators 314, 316,
318). In other embodiments, fewer or more elastomeric
isolators may be included. In still other embodiments, the
arrangement of the sets of elastomeric isolators may not
be rectangular, but instead may be a square, a circle, an
oval, triangle or another shape. Moreover, although each
set appears to be substantially identically configured,
they may not be in other embodiments.

[0029] Eachelastomericisolator (e.g., elastomericiso-
lator 308, 310, 312, 314, 316, 318) may include an alu-
minum alloy attachment plate 334 and a conical elasto-
meric member 336 where a base end 333 thereof extends
from an aperture through the attachment plate 334. The
elastomeric member 336 may be molded and may be
made of an elastomeric material that is selected to damp
particular vibration frequencies. Suitable elastomeric
materials include, but are not limited to, silicone, rubber,
and the like. In another embodiment, the elastomeric
member 336 may be otherwise formed with a metal insert
338 extending from a tip end 335 opposite the base end
333. Particular dimensions of the elastomeric member
336, such as the size, shape and other features of the
member, may be tailored to isolate particular vibration
frequencies as well. In an embodiment, for example, the
elastomeric member 336 has a base end diameter of
about 5.8 cm, a peak end diameter of about 2.0 cm, and
a height of about 2.5 cm.

[0030] In an embodiment, each attachment plate 334
is coupled to an inwardly-facing surface 360, 362 of a
corresponding outer sidewall (e.g., outer sidewall 342 or
344). The attachment plate 334 is secured to the outer
sidewall by fasteners, such as screws, bolts, or other
fastening means. The tip end 335 is secured to an out-
wardly-facing surface 364, 366 of a corresponding inner
sidewall (e.g., inner sidewall 326 or 328) by fasteners,
such as screws or bolts, which extend through the cor-
responding inner sidewall and into the metal insert 338.
[0031] To decrease the acceleration that may be ex-
erted on the INS 302, the single axis dampers 320, 322
are included between the inner and outer sidewalls 326,
328, 342, 344. In this regard, each single axis damper
320, 322 is aligned substantially parallel (e.g., = 10°)
with the longitudinal axis 104 (FIG. 1) and thus, are sub-
stantially parallel to each other. In an embodiment, one
or both of the single axis dampers 320, 322 may be shock
absorbers. FIG. 5is anisometric view of a shock absorber
500, according to an embodiment. The shock absorber
500 includes a first attachment end 502 and a second
attachment end 504. The first attachment end 502 may
be formed on a cylindrical outer member 506 and the
second attachment end 504 may be formed on a rod 508
adapted to move into and out of the cylindrical outer mem-
ber 506. The cylindrical outer member 506 may include
fluid, gases, or other materials. Although now shown, the
rod 508 may have one or more pistons included thereon
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that are disposed within the cylindrical outer member 506
to compress or otherwise act against the fluid, gases or
other materials within the cylindrical outer member 506.
Each attachment end 502, 504 may include fastener
openings 510, 512 for attaching the shock absorber 500
to attachment surfaces within the secondary isolation
system 300. Other suitable single axis dampers include,
but are not limited to shock absorbers, viscous dampers,
dashpots.

[0032] Returning to FIGs. 3 and 4, in an embodiment,
a first end 350, 352 of the single axis damper 320, 322
is mounted to a corresponding outer sidewall (e.g., outer
sidewall 342 or 344) and a second end (not shown) is
mounted to an opposing inner side wall (e.g., inner side-
wall 326 or 328). Each end may be secured to the side-
walls 326, 328, 342, 344 by fasteners such as bolts,
screws, and the like. In other embodiments, one or both
of the first and second ends may be configured to pivot
so that one or both may swivel to allow the INS (e.g., INS
116 of FIG. 1, INS 200 of FIG. 2, or INS 302 of FIG. 3)
to rotate in the presence of an imbalance. Although the
single axis dampers 320, 322 are shown as being orient-
ed across a length of their corresponding outer side walls,
the dampers 320, 322 may alternatively be oriented di-
agonally across the outer side walls orin another manner,
as long as the single axis damper 320, 322 are aligned
substantially parallel with the longitudinal axis 104 (FIG.
1) when mounted in the second isolation system 300. In
other embodiments, the single axis damper 320, 322 ex-
tend across an entire length of its corresponding outer
sidewall 342, 344. However, this may not be the case in
all embodiments. For example, one or both of the single
axis dampers 320, 322 may extend across only a portion
of its corresponding outer sidewall 342, 344.

[0033] As shown in FIG. 3, each single axis damper
320, 322 may extend between two or more elastomeric
isolators 308, 310, 312, 314, 316, 318. Inan embodiment
in which the elastomeric isolators are in a rectangular
configuration, two elastomeric isolators (e.g., elastomer-
ic isolators 308, 310) may be disposed on one side of a
single axis damper (e.g., damper 320), and another two
elastomeric isolators (e.g., elastomeric isolator 312 and
adjacent elastomeric isolator not shown) may be dis-
posed on another side of the single axis damper. In other
embodiments, more or fewer elastomeric isolators may
be disposed on either side of the single axis damper. For
instance, in some embodiments, all of the elastomeric
isolators may be included on a single side of the single
axis damper. Moreover, although two single axis damp-
ers 320, 322 are shown in the embodiments depicted in
FIGs. 3 and 4, more may alternatively be included.
[0034] By including the elastomericisolators 308, 310,
312, 314, 316, 318 as part of a secondary isolation sys-
tem in the manner described above, external isolation of
the INS and inertial measurement units ("IMU") is pro-
vided. In this way, vibration that may be transmitted from
the barrel 102 to the outer cradle of the secondary iso-
lation system may be damped, and may minimally affect
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the inner cradle, and hence, the INS. By pairing the use
of elastomericisolators 308, 310, 312, 314, 316, 318 with
the single axis dampers 320, 322 and by aligning the
single axis dampers 320, 322 parallel with the longitudi-
nal axis along which the barrel travels during a firing se-
quence, acceleration of the INS during the firing se-
quence is minimized. As a result, the INS may freely de-
flect and the single axis dampers allow for a slowed
change in velocity to ultimately lower the acceleration.
Consequently, the electronics within the INS and IMU
may have longer lives, relative to a configuration in which
the single axis dampers are not included. Additionally,
the recoil artillery system may have improved repeata-
bility, because the INS may reposition itself more accu-
rately from firing to firing.

[0035] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the inventive subject matter, it should be appreciated that
a vast number of variations exist. It should also be ap-
preciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended
to limit the scope, applicability, or configuration of the
inventive subject matterin any way. Rather, the foregoing
detailed description will provide those skilled in the art
with a convenient road map for implementing an exem-
plary embodiment of the inventive subject matter. It being
understood that various changes may be made in the
function and arrangement of elements described in an
exemplary embodiment without departing from the scope
of the inventive subject matter as set forth in the append-
ed claims.

Claims

1. An isolation system (300) for mounting an inertial
navigation system onto an artillery system (100) hav-
ing a barrel (102), the barrel (102) adapted to move
along a longitudinal axis (104) during a firing se-
quence, the isolation system (300) comprising:

an inner cradle (304) having a base plate (324),
a first inner sidewall (326), and a second inner
sidewall (328), the base plate (324) adapted to
receive the inertial navigation system thereon,
the first inner sidewall (326) and the second in-
ner sidewall (328) positioned opposite from
each other, and the base plate (324) extends
therebetween;

an outer cradle (306) surrounding the inner cra-
dle (304) and including a platform (340), a first
outer sidewall (342), and a second outer side-
wall (344), the first outer sidewall (342) and the
second outer sidewall (344) positioned opposite
from each other, and the platform (340) extends
therebetween;

a first elastomeric isolator (308, 310, 312, 314,
316, 318) mounted between the first inner side-
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wall (326) and the first outer sidewall (342);

a second elastomeric isolator (308, 310, 312,
314, 316, 318) mounted between the first inner
sidewall (326) and the first outer sidewall (342);
and

afirst single axis damper (320) aligned substan-
tially parallel with the longitudinal axis (104) and
including a first end and a second end, the first
end mounted to the firstinner sidewall (326) and
the second end mounted to the first outer side-
wall (342).

2. The isolation system (300) of claim 1, further com-

prising a collar (120) coupled to the outer cradle
(306), the collar (120) adapted to mount the outer
cradle (306) to the barrel (102).

The isolation system (300) of claim 1, wherein the
first single axis damper (320) is disposed between
thefirstelastomericisolator (308, 310,312,314, 316,
318) and the second elastomeric isolator (310).

The isolation system (300) of claim 1, further com-
prising:

a third elastomeric isolator (308, 310, 312, 314,
316, 318) mounted between the first inner side-
wall (326) and the first outer sidewall (342) and
disposed adjacent the first elastomeric isolator
(308, 310, 312, 314, 316, 318); and

afourth elastomericisolator (308, 310, 312, 314,
316, 318) mounted between the first inner side-
wall (326) and the first outer sidewall (342) and
disposed adjacent the second elastomeric iso-
lator (308, 310, 312, 314, 316, 318); and
wherein the first single axis damper (320) ex-
tends between the third elastomeric isolator
(308, 310, 312, 314, 316, 318) and the fourth
elastomeric isolator (308, 310, 312, 314, 316,
318).

5. The isolation system (300) of claim 4, further com-

prising:

a fifth elastomeric isolator (308, 310, 312, 314,
316, 318) mounted between the second inner
sidewall (328) and the second outer sidewall
(344);

a sixth elastomeric isolator (308, 310, 312, 314,
316, 318) mounted between the second inner
sidewall (328) and the second outer sidewall
(344); and

a second single axis damper (322) including a
firstend and a second end, the first end mounted
to the second inner sidewall (328), and the sec-
ond end mounted to the second outer sidewall
(344).
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6. The isolation system (300) of claim 5, further com-

prising:

a seventh elastomeric isolator (308, 310, 312,
314, 316, 318) mounted between the second
inner sidewall (328) and the second outer side-
wall (344) and disposed adjacent the fifth elas-
tomeric isolator (308, 310, 312, 314, 316, 318);
and

an eighth elastomeric isolator (308, 310, 312,
314, 316, 318) mounted between the second
inner sidewall (328) and the second outer side-
wall (344) and disposed adjacent the sixth elas-
tomeric isolator (308, 310, 312, 314, 316, 318);
and

wherein the second single axis damper (322)
extends between the seventh elastomeric iso-
lator (308, 310, 312, 314, 316, 318) and the
eighth elastomeric isolator (308, 310, 312, 314,
316, 318).

7. The isolation system (300) of claim 1, further com-

prising:

a third elastomeric isolator (308, 310, 312, 314,
316, 318) mounted between the second inner
sidewall (328) and the second outer sidewall
(344);

afourth elastomericisolator (308, 310, 312, 314,
316, 318) mounted between the second inner
sidewall (328) and the second outer sidewall
(344); and

a second single axis damper (322) including a
firstend and a second end, the first end mounted
to the second inner sidewall (328), and the sec-
ond end mounted to the second outer sidewall
(344).

The isolation system (300) of claim 7, wherein the
first single axis damper (320) and the second single
axis damper (322) are substantially parallel with
each other.

The isolation system (300) of claim 1, wherein the
first single axis damper (320) comprises a shock ab-
sorber.
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